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INTRODUCTION

A regional geochemical reconnaissance study was made of the Ajo 1° x 2° 
quadrangle, Arizona, as part of the Conterminous United States Mineral 
Resource Assessment Program (CUSMAP). This is a program of systematic 
regional studies of the mineral resource potential of the conterminous United 
States.

Presented herein is a description of the techniques used for collecting 
and analyzing the geochemical samples; and the chemical analysis data.

The Ajo quadrangle is between 32° and 33° N. lat and 112° and 114° W. 
long, an area of approximately 21,000 square kilometers. As shown in 
figure 1, two deletions and one addition were made for this study: (1) 
Deleted was that portion not within the U.S. but within Mexico, (2) Deleted 
was the Papago Indian Reservation, currently being studied as a separate 
project, and (3) Added was the remainder of Organ Pipe Cactus National 
Monument outside the quadrangle boundary. With the above modifications, the 
study area was 17,000 square kilometers.

Access Restrictions

Access to the great majority of the study area is restricted and requires 
approval several months in advance plus day-to-day coordination. The Air 
Force controls the largest area, the Luke Air Force Range. Operational 
control of the western portion of that range is with the Marine Corps based at 
Yuma. The Army restricts access to the Yuma Proving Ground in the northwest 
portion of the quadrangle. Access to the Kofa and Cabeza Prieta Game Ranges 
was coordinated through offices of the Fish and Wildlife Service in Yuma and 
Ajo. Since both these areas are within the above military reservations, joint 
coordination was required. Coordination with the Border Patrol offices in 
Yuma and Gil a Bend was maintained for work near the international border.

All sampling exclusive of Organ Pipe Cactus National Monument was done 
during February and March 1979. Coordination with the Air Force was 
facilitated by making all site access by helicopter which was operated from 
the Gil a Bend Auxiliary Air Force Field. Close personal coordination and a 
flexible schedule allowed entry into the bombing and gunnery ranges during 
short-time intervals when they became free.

Premission to sample within the Organ Pipe Cactus National Monument was 
obtained for the March and April 1980 field season. Most site access was by 
helicopter based at Ajo. Sites closer than 2 kilometers to roads were 
accessed by foot to reduce the visual impact of the sampling program to 
monument visitors.

Sample Media Selection

Time and money constraints limited the number of sites which could be 
visited to approximately one thousand. Equal distribution of these throughout 
the area gives a sampling density of 1 site/17knr. The topography is typical 
Basin and Range province having about ten narrow (3-km wide) northwest- 
trending ranges separated by alluvium-filled valleys approximately 15-km 
wide. Approximately 80 percent of the quadrangle is alluvium-filled basin 
with bedrock inaccessible to surface sampling. Sampling density for the 
20 percent remaining accessible mountainous terrain is a more favorable 
1 site/3.1 knr. The drainage developed from the narrow linear ranges is 
extremely short, high-gradient first-order streams with few lateral
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tributaries, terminating in the alluvium-filled basins. Drainage basin areas 
are correspondingly small, generally less than one square kilometer. The 
coverage obtained for the mountainous areas was as uniformly spaced as 
feasible, but some areas between sampled drainages are not represented by any 
stream sample.

Stream-transported sediments were chosen as the sampling media to provide 
as much compositing as possible. Two types were taken, the minus-30-mesh 
stream sediment and the nonmagnetic fraction of the heavy-mineral concentrate 
of the stream sediment. The minus-30-mesh stream sediment provides a geochem- 
ical cross section of the mechanically transported components of the drainage 
basin. Its composition is controlled mainly by the major geologic units. 
Minor components, such as an economic-mineral deposit, can be seen in this 
media but their influence is subject to significant dilution by the large 
amount of material from the major units. A minus-30-mesh rather than the more 
usual minus-80-mesh stream-sediment sample was taken to reduce the influence 
of eolian dilution and to speed sampling.

The nonmagnetic fraction of the heavy-mineral concentrate is used to 
obviate excessive dilution of ore-elements by ordinary rock minerals. Many of 
the minerals of an ore deposit are transported as detrital material that are 
mechanically resistant and of high-specific gravity. They are concentrated in 
the field camp by panning and later in the laboratory by heavy liquid and 
magnetic separation.

Sample Collection

A total of 971 sites were sampled, 137 within Organ Pipe Cactus National 
Monument with a density of 1 site/9.4 krrr and 834 in the remainder of the 
quadrangle with a density of 1 site/18.8 km . For the more linear ranges 
(Mohawk, Sierra Pinta, Bryan, Granite, Growler, and Ajo), 259 sites on both 
sides of 207-km cumulative range length gave one site for 1.6 km of range 
front.

Sample sites were all dry arroyos, some within the broader ranges, but 
more commonly where the arroyo emerged from the range. Stream-sediment 
samples were taken across the arroyo to give a representative sample and 
sieved at the site to minus 30 mesh. Heavy-mineral samples were taken where 
it appeared the greatest concentration could be obtained as indicated by black 
sands or on the downstream side of boulders. Two 1-liter cloth sample bags 
(5 1/2 in. x 10 1/2 In.) were filled with stream sediment passed through a 
2-mm screen for panning at field camp. The panning was terminated when the 
heavy-minerals began to be lost, usually indicated by an abundance of magnet 
ite, epidote, or hornblende (Theobald, 1957) or to approximately 200 grams.

Sample sites were plotted on 15-minute topographic quadrangle maps 
(1:62,500 scale) and transferred to the 1° x 2° quadrangle base map 
(1:250,000) daily. Sample sites were assigned two-letter prefixes indicating 
the 15-minute quadrangle location using the abbreviations shown in table 1; 
four-digit consecutive site numbers; and one- or two-letter suffixes 
indicating sample types (S-stream sediment, HN-heavy-mineral nonmagnetic 
fraction). Sites 1 to 834 were samples in 1979 and 1,001 to 1,137 in 1980.



Table 1. Fifteen-minute quadrangle abbreviations for sample-site designation

AD Agua Dulce Mountains
AM Aguila Mountains
AN Antelope Peak
AJ A jo
AZ Aztec
CP Cabeza Prieta
CV Childs Valley
DP Diaz Peak
ES Estrella
GI Gila Bend
GM Granite Mountains
GP Growler Peak
HM Hat Mountain
IP Isla Pinta
KA Kaka
KP Kino Peak

LK Lukeville
MA Mount Ajo
MI Midway
MM Mohawk Mountains
MO Mohawk
OH O'Neil Hills
QB Quitobaquito
RO Roll
SA Sierra Arida
SE Sentinel
SI Sikort Chuapo Mountains
ST Stoval
TH Theba
TM Tule Mountains
VM Vekol Mountains

Sample Preparation and Analysis

The minus-30-mesh stream-sediment samples were mechanically pulverized to 
approximately minus 150 mesh to provide a 10-mg sample for analysis for 31 
elements by emission spectroscopy (Grimes and Marranzino, 1968).

The panned concentrates were sieved to minus 30 mesh. A density 
separation using bromoform (specific gravity 2.80 to 2.89), separated the 
heavy minerals from quartz, feldspar, clay, and other low-density minerals. 
The heavy-mineral concentrates were split on the basis of magnetic suscepti 
bility using a Frantz Isodynamic Magnetic Separator. Using a forward slope of 
25° and a side slope of 15°, a separation at 0.6 amperes gave two fractions: 
(1), HM, magnetic, containing magnetite, ilmenite, chromite, amphiboles, 
pyroxenes, epidote, and olivine; and (2), HN, nonmagnetic, containing most of 
the sulfide minerals and secondary minerals of the base metals along with 
barite, apatite, zircon, and rutile.

The nonmagnetic fraction was split, one part for microscopic mineral 
identification and the other hand ground to provide a 5-mg sample for emission 
spectrographic analysis similar to that used for stream sediments. Sufficient 
sample for analysis was not obtained for 19 of the 971 samples.

Data Storage and Processing

The emission spectrographic analytical results for the minus-30-mesh 
stream sediment and the nonmagnetic fraction of the heavy-mineral concentrates 
along with the latitude and longitude of the sample site are presented on the 
following pages. An entry of "N" indicates the element was not detected. The 
detection limits of the analytical method for stream-sediment samples are 
given in table 2. The detection limits for the nonmagnetic fraction of the 
heavy-mineral concentrates are twice those of stream sediments since the 
sample size is one-half as large.



Table 2. Detection limits in parts per million for stream sediments 
determined by emission spectrographic method

Element

Ag
As
An
B
Ba
Be
Bi
Cd
Co

Detection 
1 i mi t

0.5
200
10
10
20
1

10
20
5

Element

Cr
Cu
La
Mn
Mo
Nb
Ni
Pb
Sb

Detection 
1 i mi t

10
5

20
10
5

20
5

10
100

El ement

Sc
Sn
Sr
Th
V
U
Y
Zn
Zr

Detection 
1 imit

5
10

100
100
10
50
10

200
10

The analyses, along with the latitude and longitude, were entered in the 
U.S. Geological Survey computerized Rock Analysis Storage System (RASS), 
VanTrump and Miesch (1977).

In addition to the 30 elements listed in the stream sediment analysis 
table, thorium was sought but detected in only three samples; MM0172S 300 ppm, 
CP0672S 700 ppm, and OH0689S 200 ppm.

Listed in the stream sediment analysis table but not detected in any 
samples were arsenic, gold, bismuth, cadmium, antimony, tin, and tungsten. 
Silver was detected in two samples, CP0675S and KP1100S. Zinc was detected 
only in sample TM0780S.

Gold and cadmium were the only elements sought but not detected in any of 
the nonmagnetic heavy-mineral concentrates.
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